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with or without pre-treatment with hydrogen peroxide (exogenous
ROS) or the anti-oxidants MnTBAP or NAC. IGF-I signaling pro-
teins were evaluated by immunoblotting with phosphospeciﬁc and
control antibodies. Lentiviral constructs were used to overexpress
constitutively active (CA)-Akt, CA-MEK and dominant (DN)-Akt.
Proteoglycan synthesis was measured by sulfate incorporation
corrected for cell numbers by DNA and aggrecan expression was
measured by real-time PCR.
Results: In time course experiments (0,5,15,30 and 60 min) with
normal human chondrocytes, IGF-I initiated a strong and sus-
tained phosphorylation of IRS-1 at Tyr-612 and Akt at Ser-473
and Thr-308, and a transient ERK phosphorylation. In contrast,
OA chondrocytes possessed an elevated basal ERK and JNK
phosphorylation and IGF-I failed to stimulate signiﬁcant IRS-1
or Akt phosphorylation. In normal human chondrocytes, exoge-
nous ROS triggered strong IRS-1 Ser-312 phosphorylation, which
is an inhibitory site, along with ERK and JNK phosphorylation
and inhibited IGF-I-induced IRS-I Tyr-612 and Akt phosphoryla-
tion. Lentivirus-mediated overexpression of CA-Akt signiﬁcantly
enhanced proteoglycan synthesis in the absence or presence
of IGF-I, while expression of either DN-Akt or CA-MEK (which
activates ERK) inhibited both basal and IGF-I-induced proteogly-
can synthesis (Fig. 1). ROS treatment and CA-MEK expression
also signiﬁcantly inhibited aggrecan mRNA expression in normal
chondrocytes. In osteoarthritic chondrocytes, treatment with the
antioxidants MnTBAP or NAC induced IRS-1 Tyr-612 and Akt
phosphorylation, and promoted IGF-I-mediated proteoglycan syn-
thesis.
Figure 1. Effects of MEK and Akt activity on chondrocyte proteoglycan synthesis.
Conclusions: These results demonstrate for the ﬁrst time oppos-
ing roles for PI-3 Kinase-Akt and MEK-ERK in the IGF-I regulation
of chondrocyte proteoglycan synthesis and suggest that exces-
sive ROS in OA chondrocytes inhibit IGF-I mediated proteoglycan
synthesis by altering the balance of Akt to ERK activation.
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Purpose: Cartilage homeostasis is controlled by several major cell
signaling pathways. Sulf-1 and Sulf-2 (Sulfs) are the only known
extracellular sulfatases and by changing heparan sulfation patterns
regulates the activity of several major cell-signaling pathways. This
study addressed the role of Sulfs in regulating BMP-7 and FGF2
signaling pathways in articular cartilage.
Methods: Sulf-1 and Sulf-2 expression was inhibited in primary
cultured human articular chondrocytes using siRNA. Over expres-
sion experiments were conducted with an immortalized human
chondrocyte cell line (T/C-28a2). Cells were stimulated with BMP-
7 (100ng/ml) or FGF2 (100ng/ml), and SMAD and ERK signaling
was monitored via western blotting. Knee joints and articular chon-
drocytes were isolated from Sulf knock out mice, and BMP and
FGF signaling was analyzed using western blotting, immunohisto-
chemistry and Taqman PCR.
Results: Chondrocyte transfection with siSulf-1 or siSulf-2 re-
duced Sulf protein levels by 50-70%. This was associated with a
reduction in basal SMAD1 protein expression and SMAD1/5 phos-
phorylation. In contrast, under identical conditions basal ERK1/2
protein expression and phosphorylation increased (Fig. 1a). Sulf
siRNA also inhibited the BMP-7 induced increase in SMAD1 pro-
tein expression and SMAD1/5 phosphorylation (Fig. 1b). The ef-
fects of FGF2 on ERK1/2 protein expression and phosphorylation
were dramatically accelerated following Sulf knock down (Fig. 1c).
Sulf overexpression did enhanced BMP-7-induced SMAD1 protein
expression and SMAD1/5 phosphorylation (Fig, 1d and 1e). The
FGF2 response was not altered by Sulf overexpression (Fig. 1f). To
conﬁrm and extend these in vitro ﬁndings, we analyzed Sulf knock
out mice. Articular cartilage from Sulf knock out mice showed re-
duced SMAD1 protein expression and SMAD1/5 phosphorylation,
whereas ERK1/2 phosphorylation was increased. mRNA levels
of Col2a1, Sox9, Smad1 and Aggrecan were reduced, while in-
creased levels of MMP-13 and Noggin were noted, especially in
Sulf-1 knock out chondrocytes.
Figure 1. Sulfs regulate BMP-7-induced SMAD1/5 and FGF2 induced ERK1/2
phosphorylation in human chondrocytes.
Conclusions: Sulfs regulate BMP-7 and FGF2 signaling path-
ways, and contribute to the balance for cartilage homeostasis by
regulating these major signaling pathways at the same time. Reg-
ulating Sulf expression represents a potentially new therapeutic
approach to inhibit cartilage degeneration.
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Purpose: Osteoarthritis (OA) is a degenerative disease charac-
terized by the degradation of articular cartilage. This tissue is
avascular, and it is characterized by the low oxygen tension and
poor nutrient availability for its cells, the chondrocytes. Hypoxia
conditions have been reported to stimulate chondrogenesis and
synthesis of extracellular matrix components. Therefore, we pur-
